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Infrastructure Goals
• Establish a sustainable Global/Regional 
Climate Modeling team that is capable of 
simulating regional climate and predicting 
future hydrological resources
• Develop a necessary computer facility for 
regional climate modeling and links to model 
and measurements data bases
• Educate future scientists in this area of climate 
research
Research Goals
• Predict accurate climate trends in Nevada 
• Provide inputs to hydrological models and assess 
future hydrological resources, their variability and 
uncertainty, and socio-economic impacts
• Study feedback interactions among atmosphere, 
hydrology, and ecological processes
• Investigate aerosol contribution to climate
• Link physical and economic models and assess impact 
of climate change on air quality and urbanization
• Provide an integrated GIS system (Geoinformatics) for 
water, energy, and economic parameters
Some Definitions
• Downscaling:  the process of taking relatively coarse spatial 
scale (~100-250 Km) Global Climate Models  (GCMs) output 
forced with different  atmospheric compositions 
(Scenarios), and projecting that to a finer spatial scale 
(~10-30 Km).
• The idea is that  finer scales are more meaningful in the 
context of local and regional impacts. 
• Two general approaches are used in downscaling:
– Dynamical, performed by a Regional Climate Model (RCM) with 
a better representation of local terrain, better simulation of 
weather systems in theory improving climate processes over the 
region of interest.
– Statistical where large scale climate features are statistically 
related to fine scale climate for the region.
Outline: Model Layers
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Model Layers
Global Climate Model
Ocean-Air coupled GCMs ensemble appear reasonable 
when averaging globally, what about regionally?
Overall, good 
agreement 
among GCM 
global means
Figure adapted from http://www.ipcc.ch/index.htm
GCM output  from WCRP CMIP3 AOGCMs multi-model
http://www-pcmdi.llnl.gov/ipcc/about_ipcc.php
~300 journal articles
GCM Sea Surface Temperature biases (1982-2000) 
[OISST V2.0 products: analysis of in situ and satellite SSTs]

• SST biases for 17 different  GCMs and 
NARR w.r.t. NCEP/NCAR reanalysis
• Period 1982-2000.
• Ideally, ensemble average has better 
skill than a single model.
• But in this case, the models in the 
ensemble have systematic errors
• The ensemble itself is out of the 
solution domain with seasonal 
dependence. 
Ensemble mean
Ensemble mean
Surface Temperature Biases are Interrelated
• 17 different  GCMs 
• Period 1982-2000.
Best case scenario
r² ~0
r² ~0
Worst case scenario
Nonlinear relationship with
Significant r² 
Precipitation Biases are interrelated 
• 17 different  GCMs 
• Period 1982-2000.
GCM biases
• All GCMs tend to have biases in SSTs, not to 
mention the deficiencies in simulating higher 
order statistics….
• We have shown undesired relationship 
between  such biases with potential impact 
for downscaling purposes. 
• The next step is to decide whether to correct 
these biases (ex. SST biases), hoping to fix the 
overall downscaling climate representation.
• GCM Ensemble?
Research Questions
• How much do downscaled predictions 
depend on selection of GCM forcing?
• How to remove GCM biases?
• What is the impact of any action over GCM 
for downscaling purposes?
Mejia et al. (in preparation) is addressing these questions. 
• Objective: Removal of GCM biases (systematic) to improved 
downscaling over the intermountain SW.
Model Layers
Regional Climate Model
Potential of RCMs
• Higher resolution improves the representation of:
– Topographic, lakes and coastal features
– Vegetation, land use, soil texture..
• Also beneficial for the simulation of synoptic and 
mesoscale systems including fronts, precipitation, 
and other extremes (assuming they are reasonably 
simulated by the RCM).
• Study of climate processes & Input for impact 
studies
• However, the value of this information still needs 
to be assessed (We are currently in this stage!)
Other Statistical downscaling products
• Comprehensive  Statistical Downscaled WRCC/CMIP3 (CMIP3) multi-model dataset  
based on IPCC AR4 model output.
• Multi-agency effort: Lawrence Livermore National Laboratory , Reclamation, Santa 
Clara University, and Climate Central (CC)
• Pros: 
– Up to 1/8 degree ~12km
– 16 GCMs; several GCM configurations)
– Several SRES A2, A1b, and B1
– Measure of uncertainty 
• Cons:
– Assumption of some stationarity of the statistical relationships (e.g. CDF). 
– Also assumes GCM biases remain constant through out.
– Still too coarse for some applications; further downscaled to station-based or finer grids.
– Only provide monthly means of temperature and precipitation
– May need  adding a temporal disaggregation techniques (e.g. multiplicative cascades); 
Geographic Distribution of  users through (Updated on 
Dec-2009). Source: http://gdo-dcp.ucllnl.org
Other Dynamical Downscaling Products
• North American Regional Climate Change 
Assessment Program (NARCCAP)
• Ongoing international effort
• Main goals is to investigating the 
uncertainties in RCM for present (1971-
2000) and future climate projections 
(2041-2070)
• Pros: 
– Organized-coordinated effort 
– Multi RCM approach
– Output can be further downscaled
• Cons: 
– 50 km grid size still too coarse for 
complex topography regions
– Further downscaled RCM output 
would add one more model layer
Source:
http://www.narccap.ucar.edu/
We are not competing against other 
research groups
• Do it yourself
– Narrowly focus over the Great Basin region
– ~ 12 km grid size and better
– Seek to improve upon their deficiencies and 
based on regional-to-local conditions
– Better position to face regional scientific issues
• The penalty
– Need of computational resources (okay)
– High level of expertise (good shape)
– It is a long journey (1 year so far)
Very High Resolution Regional Climate
Models
• Typical RCM resolution over the past years has 
increased from around 100 km to around 25–
50 km. 
• RCMs are now exploring ~10 km (approaching 
true local scales)
• Increased resolution carries a penalty in 
computational cost.
• Limited suitable observational data on such 
high resolution for evaluation purposes. 
• Some reservations in the representation of 
the dynamical and physical processes in the 
models. 
RCM domain
RCM domains for dynamical downscaling over the SW North America (at 36 km grid 
size), the Great Basin (at 12km grid size) & Tri-State, and Nevada (at 4km grid size). 
Gray shadings represent approximate location of the Great Basin region. 
GCM GCM
GCM
GCM
Regional Climate Modeling:
Weather and Research Forecasting (WRF) model
Microphysics (MP); short- and long-wave radiation (Rad); Land Surface Model 
(LSM); Planetary Boundary Layer (PBL); Cumulus physics (Cu)
Dynamically Downscaled Mean Temperature 
From GCM ~250 km to 4 km
RMS Error
36 km
12 km
4 km
• Cold season 2002-03, 
• Evaluation over ~100 COOPS stations over Nevada
• 36 km and 12 km  simulations use ~50% computer resources; 4 km remaining 
50%.
Across-Sciences Dilemma
• RCM (~10 km) is relatively fine for 
Atmospheric Climate  purposes and 
requires BIG computational effort….
• Hydrology- and Ecology-related 
processes often implement input 
information orders of magnitude finer (1 
– 0.1 km).
Model Layers
Evidence of RCM Systematic Biases
12 km RCM biases for the period 
1997-2007.  top to bottom panels are 
the Tmax, Tmin, and Precip; left 
(right) panels for cold (warm) season. 
Location COOPS stations.  
Figure provided by 
Benjamin Hatchett
Dynamical, Statistical downscaling 
techniques:  Do we need a Hybrid method?
Period 1998-2007; RCM based on WRF V3.1.1; 45 more simulated-station 
evaluation very soon!
Dynamical, Statistical downscaling techniques:  
Do we need a Hybrid method?
• Need to RCM errors!
• Optimize computer resources: 1 - 4 km is too   
expensive and provide marginal benefits for 
the Atmospheric stand point.
• Statistical Downscaling: computer efficiency 
• Dynamical Downscaling: simulate weather 
conditions not found in GCM or in statistical 
relationships.
• Hybrid downscaling technique (Statistical + 
Dynamical):  best of the two worlds?
Hybrid Method in Action
• Quantile-based mapping bias correction
• Retains the spectral structure
• Testing station-based downscaling (soon fully implemented)
• Developing the 4 Km gridded products.
Hybrid method
• Pros: 
– Providing station-based and 4km grid size 
products
– Up to hourly output 
• Limitation:
– Need of QA/QC’ed long-term records
– Assumption of some stationarity of the statistical 
relationships (e.g. CDF)
– Also assumes GCM biases remain constant
Research Question
• Is the Hybrid method a reasonable 
approach to improve RCM performance? 
• How to measure uncertainty by RCMs, 
Hybrid?
• How sensitive are the downscaling 
techniques to capture seasonal-to-
interannual variability, extremes in the 
intermountain region?
• How to bridge the differences in scales 
between the atmospheric and hydrological 
models?
Model Layers
Hydrological Applications: 
hindcast and future projections
• UNR: Doug Boyle (Paleoclimate)
– Downscaling NCAR Paleoclimate GCM model output to 
investigate the response of pluvial lakes in the Great 
Basin to abrupt changes in climate.
• UNLV: Zhongbo Yu 
– Western US Hydrogeology.
• DRI: Justin Huntington
– Ground water recharge response, Incline Village Creek 
(Tahoe).
• NMSU: Al Rango and Caiti Steele
– 25 New Mexican basins 
• NMT: John Wilson and Amanda White
– 3 Basin Northern New Mexico. Present and future climate.
Various applications need fine –to-station (point) based information, (ex. Basin 
scale  surface and groundwater hydroclimate)
• Couple and uncouple RCM+LSM+Hydrological model .
(David Gochis UCAR/RAL) (not funded)
• NSF- Water Sustainability and Climate (WSC): Integrated Assessment of 
Singular and Compounding Effects of Human Use and Changing Climate on 
Arid Land Hydroecology in E. Nevada.  (Saxon Sharpe;  DRI/DAS,DHS,DEES) 
(not funded)
• DOE Regional and Global Climate Modeling Program: Improving the 
Modeling and Understanding of Future Changes in Extreme Precipitation 
Events in the Intermountain Western United States. (Kenneth Kunkel, ex 
DRI/DAS) (not funded)
• NSF- Earth System Models (EaSM): Groundwater recharge and climate 
change (outcome from a NM NSF-ESPCoR IWG activity). 
(DRI/DAS, Boise State University, New Mexico State University, New 
Mexico Tech, Sandia Nat’l Lab., UC-Boulder, U. of Idaho, UNR, and Univ. 
of New Mexico) (pending)
• NSF -Frontiers in Earth System Dynamics (FESD): (proposal under 
development)
Fostering Multidisciplinary activities
Announcement: Community Earth 
System Model (CESM1.0)  
NCAR community coupled climate model components.
Source: http://www.cesm.ucar.edu/models/cesm1.0/
E. Wilcox is leading this 
component. 
Some CESM components 
are already installed in 
DRI’s cluster (Vellore).
Challenges:
•Sensitivity of western US 
climate to aerosol radiative
forcing.
(Potential collaboration 
with DRI expertise in 
aerosols and air quality). 
• GCM-RCM coupling.
Multidisciplinary activities
• Focusing in variables that are predictable and of 
value for other sciences.  
– e.g. Hydrologists need daily Tmax, Tmin and Precip*   
• Ecologists may be interested in something else
– e.g. Mean temperature, evapotranspiration...We still 
need to learn what are their needs related to 
simulated output, time increments….
• ”Data fusion” problems for validation purposes and 
process based studies, for example:
– Upscaling of ecological indices variables.
– Downscaling climate model output
* with limitations.
Data ready for distribution
• Hybrid & Dynamical downscaled data. Hindcast
studies: 
– Forcing with NCEP/NCAR reanalysis (1982-2007) 
– and CCSM3 (1998-2007).
• 36, 12 km gridded & Station based.
• Spatial coverage: Western US
• Temporal resolution: Daily.
• Variables: Precip, Tmax, Tmin.
• Data portal (computing data volume,  packaging, 
registration?)
• Need to define an output format (netCDF?)
Future Activities
• Effect of GCM SST Systematic Biases on Regional Climate Modeling over Western 
US (manuscript in progress)
• Keep testing hybrid approach: 
– Automatic procedure for point-based  downscaling (Done)
– 4km gridded data (under development)
• Diagnostic studies based on RCM output (in progress)
– Seasonal evolution 
– Response to ENSO and other large-scale climate patterns
– Diurnal cycle
– Extreme events (droughts, precipitation thresholds
• Fine-scale climate future projections using the latest GCM model output 
– Currently  IPCC AR4 (in progress). 
– However, we need to SYNCHRONIZE with the IPCC AR5 (GCM model output 
will be release sometime in May 2011??); 
Remarks and Summary
• EPSCoR Climate Modeling Component is 
addressing challenging scientific questions, while 
producing fine scale climate projections in Nevada 
• Fostering multi-institution and -disciplinary 
activities (Emphasis in hydrological resources)
• Looking forward speed up (initiate) 
communication/interact with other EPSCoR
components: ecological systems, air quality...
• More interaction among EPSCoR components to 
elucidate their needs of climate observational and 
simulated data.
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